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Abstract 
In this paper, we report a new approach in the activation process and analyse its effects on the performance of PEMFC. An 
activation process was set-up considering four loading cycles performance at room temperature. Each cycle consisted of one hour 
loading period at 0.6 volt followed by fully voltage scanning at open-end and backpressure condition. This cycle was repeated 
until saturated polarisation curve was reached. A commercial catalyst coated membrane was used in this purpose. During the 
activation process, MEA performance showed an effective increase, with the maximum power density rose from 128 to 200 
mW/cm2 and 220 mW/cm2, for open-end and back pressure condition, respectively. Moreover, significant decrease in the Tafel 
slope and increase in the exchange current density could indicate that there was a reduction in the dead region at the catalyst layer 
along the process. Cyclic activation process also benefit to slow water content recovery in the Nafion membrane in order to 
prevent the membrane from over swelling. 
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1. Introduction 
Polymer electrolyte membrane fuel cell (PEMFC) has high potential to reduce the needs of fossil fuel energy and 
pollutant emissions because it only has water as the by-product. Moreover, its low operating temperature that 
assuring instant start-up makes a PEMFC applicable for power sources of portable electronics, electric cars, and for 
 
 
* Corresponding author. Tel.: +62-22-2503052; fax: +62-22-2503050. 
E-mail address: indriyati@lipi.go.id 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Scientific Committee of ICSEEA 2014
312   Yuyun Irmawati and Indriyati /  Energy Procedia  68 ( 2015 )  311 – 317 
backing-up telecommunication systems. Performance of PEMFC is highly depending on the performance of 
membrane electrode assembly (MEA). Some parameters that affect the performance of MEA include catalyst 
utilization [1], MEA fabrication techniques, and operating conditions [2]. MEA consists of a proton exchange 
membrane and two gas diffusion electrodes (GDEs) for anode and cathode sides in which the electrochemical 
reactions take place. After being manufactured, a MEA needs to be activated or pre-treated to reach its best and 
stable performance [3]. Increase in the performance during activation process is related with hydration of the proton 
exchange membrane and the catalyst area available to promote the electrochemical reaction. Therefore, different 
type of MEA will take different activation time and it could take hours or even days. In order to shorten the time for 
activation procedure, some studies have been done. For example, there is an activation process using hydrogen 
evolution method [1]. In this procedure, while cathode inlet is closed, pure hydrogen is feeding at the anode side and 
then using external power source, H+ ions are forced to pass the membrane. At the cathode side, those protons are 
reduced to form hydrogen. Using this method, there is a structure change of catalyst layer, namely porosity and 
tortuosity that is claimed as the reason of increase in the cell performance. 
Other activation process suggested to operate the MEA at the elevated temperature and pressure [4]. Based on the 
results, this method is able to increase the catalyst utilization by reducing the dead regions at catalyst layer. CO 
oxidative stripping could also be used to enhance the PEMFC performance [5]. This is because the evolution of CO2 
from CO oxidation increases the electrode surface area. Moreover, combining all these methods in correct sequence 
could provide even better PEMFC performance compared to only one activation method [6]. Likewise, a three-step 
activation method is claimed that it could increase current density up to 14%, compared to one step traditional 
method [7]. This is because employing three different operating temperatures and cooling-after-a-stop technique for 
each step could make Nafion membrane fully absorbs the liquid water in the cell, thus reduces both the activation 
overpotential and ohmic overpotential.  
It is undeniable that activation process for MEA is needed in gaining PEMFC performance. Although some 
studies have been developed to modify the process, only limited studies have been reported on the causes for this 
phenomenon, especially about the mechanisms behind the activation procedure. Using fitting of polarization curve, 
we report a new approach in the activation process and analyse its effects on the performance of PEMF. 
 
 
Fig. 1. Schematic of I-V polarization curve measurement 
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The cyclic activation method consisted of one hour loading period at 0.6 volt. then it was followed by fully 
voltage scanning to get I-V polarization curve from open circuit to 0.3 volt at open-end and backpressure condition 
of 15 psi.  The cycle was repeated until saturated polarisation curve was reached. Investigation on the polarization 
curves that provided for each cycle allows evaluating the history of potential and power density as a function of 
current density. Tafel slope, exchange current density, and area resistance are calculated using those curves. Detail 
of the procedure can be seen in Fig. 2. 
 
 
Fig. 2. Schematic of cycle activation process. 
2. Result and discussion 
2.1. Discharging period 
Table 1 shows the average of cell temperature (Tcell) and the average of current density (J) during activation 
procedure when the cell was discharged at 0.6 volt for one hour at every cycle. Pure hydrogen and oxygen was fed 
into anode and cathode at flow of 300 ml/min and 100 ml/min, respectively. During this loading period, the cell was 
run at room temperature without external heater, thus changes in the cell temperature was because of heat 
production from electrochemical reaction. It is noticeable that cell temperature increases along the activation 
process, from 27 to 32°C. Since the cell was run without external heater, this indicates that there are more reactions 
happened as a result of an improvement on the catalyst activity. As expected, a similar trend was verified for the 
average of current density, with a total improvement during the four cycles of 92%, from 120 to 230 mA/cm2. In 
other cases, increase in the cell temperature could have negative effect for the cell performance [8-9]. This 
disadvantage reveals because there are more probability of membrane dehydration that reducing its ionic 
conductivity. Therefore, high amount of external humidification is needed to overcome the membrane dehydration 
at high temperature. 
Table 1. Average cell temperature, current density, and current density ratio between 
consecutive cycles during activation procedure 
Cycle (n) Average Tcell (oC) Average J (mA/cm2) ܬ௡
ܬ௡ିଵ 
1st  27 120 - 
2nd  29 170 1.42 
3rd  30 200 1.17 
4th  32 230 1.15 
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In order to evaluate the significance of the increase of current density in every cycle, the ratio of current density 
between consecutive cycles was calculated and the result is shown in Table 1, where Jn is the current density of 
cycle n. The highest average current density ratio of 1.4 is obtained from the first and second cycle. Furthermore, 
since the cell performances become more stable, this ratio decrease to about 1.1 for the last two cycles that confirms 
the cell was already activated. 
2.2. Polarization curves 
The performance of PEMFC is characterized by a graph of its output voltage (V) versus the drawn of current 
density (J). This graph, which is known as polarization curve or J-V curve, is the most important characteristic as it 
is a convenient tool for the design and optimization of PEMFC [10]. There are three main parameters that can be 
obtained directly from J-V curve to evaluate the PEMFC performance, namely open circuit voltage (OCV), current 
density at operation voltage of 0.6 V (J0.6), and maximum power density (Pmax). In this purpose, polarization curves 
were taken after the cell had been operated at constant voltage of 0.6 volt for one hour for each step.  
Fig. 3 shows the potential and power density as function of current density before activation and along different 
activation cycle at open-end condition (solid lines) and back pressure of 15 psi (dashed lines). The activation process 
was stopped after the fourth cycle as the changes of polarisation curve could be negligible. Fig. 3 indicates MEA 
performance increases significantly along the cycle, especially for the first and second cycles as has been already 
known from the highest ratio of average current density in Table 1. It also clearly seen that the cell performances at 
backpressure condition are higher than open-end condition for all cycles. Running the cell at backpressure condition 
for each cycle was used to shorten the process. Higher pressure will raise catalyst site occupancy since higher 
pressures force more reactants to diffuse into three phase boundary. As a result, there will be an increase in the 
OCV[8,11]. At OCV condition, which is  no current flows; chemical reaction equilibrium prevails at the electrodes 
and the voltage is a direct measure of the difference in chemical activity of hydrogen at the anode and cathode[12]. 
In this study, the OCV increases from 1.022 volt to 1.033 volt when the cell operated at backpressure condition. In 
addition, the inset in Fig. 3. shows that there is a positive shift in the polarisation curves at current density less than 
100 mA/cm2 that indicates a decrease in activation over potential. 
As can be seen in Table 2, Pmax rises considerably to 196 mW/cm2 and 220 mW/cm2 for open-end and back 
pressure condition, respectively, compared with only 128 mW/cm2 before activation. At open-end condition, current 
density at 0.6 volt (J0.6) also doubles after the fourth cycle, while current density at 0.4 volt (J0.4) the figure increases 
by about 50%. Likewise, this trend also happened for back pressure condition. Since J0.6 is in the region of 
activation and ohmic overpotential  (low-medium current density), higher improvement on J0.6 than for J0.4 could 
indicates that the increase in the activity of the catalysts and the ionic conductivity of membrane more significant 
than mass transfer distribution. 
Table 2. Parameters of PEMFC performance during activation process at open-end and back pressure condition. 
Activation 
steps 
Open-end condition Back pressure 15 psi 
J0.6 (mA/cm2) Pmax (mW/cm2) J0.4 (mA/cm2) J0.6 (mA/cm2) Pmax (mW/cm2) J0.4 mA/cm2) 
before 123 128 316 - - - 
1st 165 151 376 252 184 456 
2nd 198 170 426 276 198 484 
3rd 226 185 464 300 211 514 
4th 246 196 488 316 220 532 
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Fig. 3. Potential curve along different activation cycle at open-end and back pressure condition 
2.3. Activation and ohmic overpotential 
To study about the change in the overpotential cell, curve fitting of polarization curve is done for low and 
medium current density. For this purpose, curve fitting was only applied for open-end condition. During operational, 
the cell potential is decreased from its ideal performance due to three main overpotentials [13]. Firstly, activation 
overpotential that is dominated at low current density is related with the slowness of reaction taking place on the 
surface of the electrode. Information about this overpotential could be obtained from Tafel slope and exchange 
current density (Jo) using the simplification of the Butler–Volmer equation. 
ο ௔ܸ௖௧ ൌ ܣ  ܬ െ ܣ  ܬ௢  (1) 
Where ο ௔ܸ௖௧ is the activation overpotential, A is Tafel slope, and Jo is the exchange current density. Tafel slope is 
got from the slope of JR-compensated polarization curve; while the exchange current density is extracted from the 
curve intercept [10]. The calculation was done for low current density, which is below 100 mA/cm2. From Table 3, 
Tafel slope decreases by about 20%, to 44 mV at the fourth cycle. On the other hand, the exchange current density 
increases to 7.42 mA/cm2. This figure is twice higher than that of the first cycle. Higher constant A indicates there 
are slower reaction, while larger Jo shows faster reaction. Moreover, higher Jo indicates that during activation 
procedure there is more “active” surface on the electrode [13]. Normally, there are Pt/C, Nafion, and PTFE in the 
catalyst layer. Since MEA is produced by hot-pressing process, some of catalyst sites may not available for reaction 
because of limited access for gaseous reactant (low porosity) and low hydrated Nafion near the catalyst sites. During 
the activation process, ion channel, proton channel and gas-liquid channel of MEA are improved; therefore, there is 
a decrease in the dead regions of electrode [14].  This trend is also similar with the results that achieved by previous 
studies [1,3,15], and they concluded that increase in catalyst utilization could be due to structural change in the 
porosity and tortuosity of the catalyst layer, and rearrangement or redistribution of the components within the 
catalyst layer could be occurred during pre-conditioning process.  
Secondly, for middle current density, the cell performance is highly influence by ohmic overpotential. This 
overpotential is due to electrical resistance of the electrode and the resistance to the flow of ion in the electrolyte 
which taking part as the main factor. After MEA fabrication using hot pressing process, the membrane conductivity 
is low, and since Nafion membrane needs to be hydrated to achieve sufficient proton conductivity, activation 
procedure could be used to prepare the membrane to reach its complete hydration. The ohmic overpotential could be 
determined by area specific resistance (Ra) obtained from the slope of linear portion of the polarisation curves [13]. 
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As can be seen in Table 3, Ra decreases slowly by 20%, from 0.99 Ωcm2 to 0.80 Ωcm2 at the first and the fourth 
cycle, respectively. A steady change in the Ra could indicate that there is a slow recovery of the water content in the 
Nafion membrane, and this gradual process has advantages to avoid rapid swelling and destruction of interstructure 
of the micro-porous layers, catalyst layers, and membrane [14]. Moreover, as can be seen from Fig. 4, low hydrated 
Nafion membrane has many wrinkles on the surface. As a result, there is a decrease in the surface contact between 
gas diffusion layer and the membrane that resist the electron transfer. The third overpotential is diffusion 
overpotential that caused by a reduction in the reactant surface concentration. This overpotential dominates at high 
current density and it is illustrated from rapid drop of polarisation curve. In this study, there is no evidence of 
diffusion overpotential in the polarization curves shown in Fig. 2; therefore we did not include this overpotential in 
the calculation. 
Tabel 3. Tafel slope, exchange current densities (io) and exchange current densities ratio 
between consecutive cycles along the activation at open-end condition 
Cycle Tafel slope (mV) Jo (mA/cm2) ܬ௢ǡ௡ାଵ
ܬ௢ǡ௡  
Ra (Ωcm2) 
1st 57 3.29 - 0.99 
2nd 50 5.02 1.52 0.91 
3rd 46 6.58 1.31 0.84 
4th 44 7.42 1.12 0.80 
 
a 
 
b 
 
Figure 4. Different surface morphology of low hydrated (a) and fully hydrated; (b) Nafion membrane. 
3. Conclusions 
The cyclic activation process can effectively improve the performance of fuel cell stack. Moreover, this 
procedure can be applied for the cell that operated at room temperature without external heater. During the 
activation process, power density rises considerably to 196 and 220 mW/cm2 for open-end and back pressure 
condition, respectively, compared with only 128 mW/cm2 before activation. The improvement in performance is 
mainly due to the decrease in the activation and ohmic overpotential. Using simplification of the Butler–Volmer 
equation, the Tafel slope decreased for about 20% and the exchange current density doubled. They could indicate 
that there was more active surface on the electrode along the activation process. Applying cyclic activation process 
also benefit to slow water content recovery in the Nafion membrane. This may prevent the membrane from over 
swelling that reduce the wrinkles on the surface of Nafion membrane. 
 Yuyun Irmawati and Indriyati /  Energy Procedia  68 ( 2015 )  311 – 317 317
Acknowledgements 
Authors would like to acknowledge to Indonesian Institute of Sciences under Competitive Program for financial 
support. We also thank to fuel cell team in Research Center for Physics for valuable discussion. 
References 
[1] He C, Qi Z, Hollet M, Kaufman A. An electrochemical method to improve the performance of air cathodes and methanol anodes. 
Electrochem. Solid-State Lett 2002; 5: A181-3. 
[2] Belkhiri Z, Zeroual M, Ben Moussa H, Zitouni B. Effect of temperature and water content on the performance of PEM fuel cell. Revue des 
Energies Renouvelables 2011;14: 121-130. 
[3] Qi Z, Kaufman A. Activation of low temperature PEM fuel cells. J. Power Sources 2002;111:181-4. 
[4] Qi Z, Kaufman A. Quick and effective activation of proton-exchange membrane fuel cell. J. Power Sources 2003;114: 21-31. 
[5] Xu Z, Qi Z, Kaufman A. Activation of proton-exchange membrane fuel cell via CO oxidative stripping. J. Power Sources 2006;156:281-3. 
[6] Xu Z, Qi Z, He C, Kaufman A. Combined activation methods for proton-exchange membrane fuel cell. J. Power Sources 2006;156:315-20. 
[7] Yang C, Hu M, Wang C, Cao G. A three-step activation method for proton exchange membrane fuel cells. J. Power Sources 2012;197:180-5. 
[8] Santarelli MG, Torchio MF. Experimental analysis of the effect of the operating variables on the performance of a single PEMFC. Energy 
Convers. Manage. 2007;48:40-51. 
[9] Rongzhong J, Deryn C. Voltage-time behavior of a polymer electrolyte membrane fuel cell stack at constant current discharge. J. Power 
Sources 2001;92:193-8. 
[10] Shaker H. Analytical modeling of PEM fuel cell i-V curve, Renewable Energy 2011;36:451-8. 
[11] Wang L, Husar A, Zhou T, Liu H. A parametic study of PEM fuel cell performances. Int. J. Hydrogen Energy 2003;28:1263-72. 
[12] Jay B.B., M. Barclay S., Warren H.J.H., James P.N., Ioannis G.K. The power performance curve for engineering analysis of fuel cells, J. 
Power Sources 2006;155:272–85. 
[13] Larminie J, Dicks A. Fuel Cell System Explained 2nd Edition, John Wiley & Sons, 2003. 
[14] Liu G, Xu J, Wang T, Zhao T, Wang M, Wang Y, et al. The performance and mechanism of multi-step activation of MEA for DMFC. Int. J. 
Hydrogen Energy 2010;35:12341-5. 
[15] Silva VB, Rouboa A. Hydrogen-fed PEMFC: overvoltage analysis during an activation procedure. J. Electroanal. Chem. 2012;671, 58-66. 
